We show that both the diffusion and drift mobility coefficients in a generic quantum electrical (semi-ballistic) quasi-one-dimensional conductor are quantized. As a matter of fact, we derive expressions for the above coefficients and their associated quantum operators relative to highly excited quantum states. In parallel, the main aspects of the involved quantum transport are discussed in relation to metallic nanowires.
Introduction
Electron transport through quantum conductors is a subject of great relevance in nanophysics. In practice, quantum conductors are nanodevices which conduct electricity. In order to exemplify, let us consider metallic and semiconductor nanowires as well as carbon nanotubes. In this respect, note that quantum electrical conductors are, by definition, electrical conductors where quantum effects occur. Consequently, since these effects appear at nanometric scale, it is clear that electrical conductors at nanoscale are quantum conductors. On the other hand, the fascinating area of nanophysics offers a wide variety of potential applications [2] but a number of open questions remain open on essential aspects of quantum transport in nanowires, quantum dots (nanodots), and carbon nanotubes. With respect to theoretical research, important research efforts are needed instead to do non-transparent and non well-grounded formulations as, for example, ref. [3] .
The present paper presents relevant new ideas and is devoted to semi-ballistic electron transport in generic quantum conductors but, say, implicitly, we will refer primarily to both metallic and semiconductor nanowires. In particular, we will show that both diffusivity and drift mobility in these wires are quantized and we shall determine their associated operators. Our results will be referred to semi-ballistic regime.
2. Theory.-Consider a quantum electrical conductor as, for instance, a metallic nanowire. In fact, we will focuse on metallic nanowires. A conductor of this type can be simulated by an ideal one-dimensional potential well [1] within the one-electron approximation; within this framework, the conduction electrons (a Fermi gas) are assumed as non-interacting particles [1] . Under these conditions, for a single electron in the above well, the electron kinetic energy equals (approximately) the quantized electron energy for very high values of the involved quantum number which will be denoted by n so we have: 
where m is the free-electron mass, n v is the magnitude of the quantized electron velocity, L is the length of the wire, and h is, of course, the reduced Planck constant. Moreover, we recall that 1 >> n which corresponds to highly excited states.
The diffusion coefficient for the wire equals the squared electron mean free path divided by the relaxation time and, since the relaxation time is the electron mean free path divided by the magnitude of the electron velocity, then the diffusion coefficient is equal to the electron mean free path multiplied by the magnitude of the electron velocity. Since this velocity is quantized, then it is obvious that the aforementioned diffusion coefficient is also quantized. On the other hand, we are interested in regarding wires with some defects so that we are interested in the semi-ballistic regime which, in our context, means that l L ≈ where l stands for the electron mean free path in the wire. Notice that the above approximate mathematical condition for defining the semiballistic regime is clearly reasonable because ballistic regime means that 
Relationship (2) is consistent with the approximate equation namely:
is the eigenvalue spectrum of the self-adjoint operator
(diffusion-coefficient operator) whose eigenstates (bound quantum states) are represented by the cartesian-coordinate-x dependent eigenfunctions namely: where k ,T and e denote Boltzmann constant, absolute temperature, and absolute value of the electron charge, respectively.
The conjunction of formulae (2) and (5) gives:
The corresponding operator (obviously self-adjoint) satisfies:
where, by using the expression of D , the aforementioned drift-mobility operator reads:
Conclusion
We have developed new ideas giving rise to formulas (2), (3), (6), (7) and (8) as main results. Although, in order to fix ideas, we have referred our study to electron transport in metallic nanowires, our results can be extrapolated immediately, in a first approximation, to n-type semiconductor nanowires. In addition, replacing the freeelectron mass by the carrier effective masses (for electrons and holes) and introducing the corresponding reduced effective mass, then deriving a formulation for both electron and hole conduction is not hard.
